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Introduction
Mimicking nature is the challenge in the field of dentistry. Recreating vitality in
the form of dental ceramics is not only difficult but technique sensitive as well. In the
natural dentition, incident light is reflected, scattered, and absorbed by the enamel and
dentin. The enamel prisms are responsible for the scattering of light while the dentin is
primarily responsible for the absorption of light.1, 2 Diffuse and specular reflectance
occur at the surface and are influenced by the surface texture of the tooth.3 In addition,
diffuse and specular transmission of light are observed and affect the translucent
properties of a tooth.4 It is the goal of dental ceramics to imitate a tooth’s color and
vitality by recreating an appropriate mix of light absorption and scattering.
Feldspathic dental porcelain and its additives manipulate light in a favorable
manner. Scattering occurs at the boundaries between the various phases and is influenced
by the crystals’ particle size, shape, volume concentrations, and relative refractive
indices.5 Specular and diffuse transmission of light occur to varying degrees based on the
specimen’s thickness.6 These properties enhance the restoration’s ability to appropriately
match the remaining dentition. Although feldspathic dental porcelain has desirable
esthetic features, it lacks strength. Historically, the veneering porcelain has been
supported by a metal core. Incorporation of a metal coping and paint-on opaques block
the transmission of light. It is necessary then to rely on the diffuse reflectance of the
veneering porcelain to create a translucent or vital effect in metal ceramics.7
With the advent of all-ceramic restorations, the metal coping and paint-on
opaques are eliminated. Zirconia and alumina provide strength for the veneering
porcelain and are associated with improved esthetics. The improved esthetics is
1

attributed to the translucent characteristics of the core material. Although many agree
that translucency is a key component for ceramic restorations, there is limited
quantitative literature available.7-11 Hefferenan et al (2002) is the most recent study to
quantitatively compare the translucency of various full-coverage, all-ceramic restorations.
They measured the relative translucency of the core samples and found no difference
between the light transmitted through the metal and the zirconia. Based on visual
examination, full-coverage, all-ceramic restorations with zirconia cores appear to
transmit light yet in their study the contrast ratio was 1.00 indicating an opaque
specimen.12 This outcome raises questions about the value of contrast ratios when
comparing ceramics and forms the basis of this research project.
A material is described as translucent when part of the light is scattered and part
of the light is transmitted. The absolute translucency of a material is measured by using
a spectroradiometer with an integrating sphere, while contrast ratios are calculated by
comparing the specimen on a white and black background using any instrument capable
of quantitatively measuring visible light intensity. Many studies have used contrast ratio
as a measurement of translucency, even though it appears to be a problematic approach
when comparing a zirconia-containing ceramic to metal. 5, 6, 9, 12, 13, 14
The objective of this research project was to compare absolute translucency with a
frequently used surrogate measure of relative translucency (contrast ratio) among a
commercially-important set of materials used primarily for all-ceramic restorations. In
addition, a rank order was established based on the two measurements of translucency.
Changes in translucency based on the ceramic’s chroma and core thickness were
evaluated as well.
2

Rationale
Quantitatively measuring the relative and absolute translucency of all-ceramic
restorations will increase the evidence available to clinicians to select an all-ceramic
system that mimics the patient’s natural dentition. Translucency rankings will provide
guidance in choosing systems compatible optically for patients having high value, low
translucent teeth or low value, highly translucent teeth or somewhere in between.

Literature Review
When light passes through a translucent material, part of the light is transmitted
while part of the light is scattered.16 Natural teeth have varying degrees of translucency.
The enamel is very translucent while the dentin-enamel junction and dentin allow less
light transmission and produce less scattering.17 Dental ceramics also have varying
degrees of translucency. The translucency of porcelain is dependent on how the light
scatters, absorbs, reflects, and transmits through the ceramic material. This is dependent
on the amount of crystals within the core matrix, their chemical nature, and the size of the
particles compared to the incident light wavelength.7 Fabricating translucent ceramic
restorations in order to mimic the natural appearance of teeth remains an esthetic goal.
Many authors note that translucency is a key component for ceramic
restorations.7-11 However, most of the literature is based on subjective observation.8 9, 10,
11

These case reports compare several all-ceramic restorations with conventional

porcelain fused to metal restorations. Subjective rank orders based on translucency were
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established for the all-ceramic restorations. Only a few studies quantitatively measured
light transmission through the core and veneering porcelain.12, 13, 18, 19
The earliest quantitative measurement of translucency of dental porcelains
compared direct transmission and total transmission of light through body porcelain
samples. Brodbelt et al. (1980) found that the direct transmission of light was less than
1% while the total transmission, which includes the light that is transmitted and scattered,
averaged 26.8%. The group also observed that translucency was a function of sample
thickness. The study intended to rank order the samples from most to least translucent,
but no significant difference in light transmission was found among the samples.21
Brodbelt’s study was conducted in the 1980’s and all-ceramic restorations had not
popularized to the extent they are today. Since that time, multiple all-ceramic systems
have evolved. Kelly (2006) categorized dental ceramics available today as esthetic
ceramics and structural ceramics. The esthetic ceramics’ matrix has a high glass content
which enhances the translucency of the ceramic. The esthetic ceramics lack a structural
core and therefore are often limited to anterior restorations. Although the structural
ceramics have more clinical applications their low glass content or no glass content
within the matrix allows less light transmission.20
Heffernan et al. (2002) compared various all-ceramic core materials and
veneering porcelain to metal and glass discs. They used contrast ratio to measure light
transmission and found that esthetic ceramics were more translucent than the structural
ceramic cores. Interestingly, the zirconia and metal discs had a contrast ratio of 1.0
which implies no transmission of light.12, 13 It is not surprising that zirconia exhibited
less light transmission. Historically, zirconium dioxide has been incorporated into paint4

on opaques to mask the metal substructure due to its high refractive index compared to
the veneering porcelain.7
Past literature uses contrast ratio for measuring the relative translucency as a
function of the sample’s ceramic make-up and the sample’s thickness.6, 12, 13, 14 Antonson
and Anusavice (2001) compared the contrast ratios of four different all-ceramic systems
at specimen thicknesses of 0.70 mm, 1.10 mm, 1.25 mm, and 1.5 mm. They observed for
all specimen groups that mean translucency increased as their thicknesses decreased.6
There are few studies that evaluate factors affecting the translucency of ceramic
prostheses. Holloway and Miller (1997) examined the effect of core translucency on the
esthetics of all-ceramic restorations. However, the study was a case report that evaluated
one central incisor and one lateral incisor and only utilized a visual examination.8 Carossa
et al. (2001) analyzed the influence of posts and cores on light transmission through
different all-ceramic restorations using a spectrophotometer and clinical evaluation.
They observed that artificial teeth had less luminance than the three natural teeth samples.
Questions about the methodological design include the sample size and the measurement
of translucency. The number of artificial teeth was 144 while the number of natural teeth
was limited to 12.9 The CIE recommends an integrating sphere spectrophotometer for
measuring regular and diffuse transmittance of light but was not utilized in this study.16
Raptis, Michalakis, and Hirayama (2006) reviewed the optical behavior of current
ceramic systems. Light transmission was evaluated using a 25,000-lux fiber optic.
Photos were taken of the samples and analyzed using visual examination only. A light
booth is essential for obtaining accurate measurements for a visual examination, yet the
study did not describe a booth or the viewing conditions.10, 16 Michalakis et al. (2004)
5

also evaluated light transmission of posts and cores used for the anterior esthetic region.
Again this study was a clinical evaluation with a sample size of four and light
transmission was compared by visual examination.11
It is evident that the available objective information on the properties of light
transmission through all-ceramic restorations is limited. It is apparent that many
statements concerning the translucent characteristic of all-ceramic restorations are not
based on sound, objective research.

Hypothesis
Null hypotheses tested:
1) There is no relationship between the absolute (% transmission) and relative
(contrast ratio) measurements of translucency of dental ceramics.
2) There is no difference in absolute translucency as a function of ceramic
thicknesses of 0.3 mm versus 0.5 mm and 1.0 mm versus 1.5 mm.
3) There is no difference in absolute translucency between two samples of the
same ceramic having different chromas.
4) There is no difference in absolute translucency among the ceramics tested.
5) There is no difference in relative translucency among the ceramics tested.

Specific Aims
A) To compare absolute translucency with a frequently used surrogate measure of
relative translucency (contrast ratio) for dental ceramics.
B) To determine whether zirconia and a metal alloy have the same properties of light
6

transmission.
C) To determine how ceramic thickness affects the absolute translucency of dental
ceramics.
D) To determine if chroma affects the absolute translucency of dental ceramics.
E) To determine if chroma affects the relative translucency of dental ceramics.
F) To determine a rank order of most to least translucent dental ceramics among a
commercially-important set of materials used primarily for all-ceramic
restorations.

Materials and Methods
The thickness and thickness ratios were within recommendations for a restoration
of the facial surface of a central incisor. Standardized ceramic discs were fabricated by
the manufacturers (Ivoclar Vivadent, Amherst, N.Y.; VITA Zahnfabrik, Bad Säckingen,
Germany; 3M ESPE, St. Paul, MN) according to the following schedule:

7

High
chroma
(n)

Total
Specimens
(n)

Manufacturer

Core
(mm)

Low
chroma
(n)

Empress CAD HT
Empress CAD HT

Ivoclar Vivadent

0.5

3

3

13X10mm square

Ivoclar Vivadent

1.0

3

3

13X10mm square

Empress CAD LT

Ivoclar Vivadent

0.5

3

6

14x12mm square

Empress CAD LT

Ivoclar Vivadent

1.0

3

6

14X12mm square

e.max CAD MO1

Ivoclar Vivadent

1.5

3

3

14X12mm square

e.max CAD LT

Ivoclar Vivadent

1.5

3

3

6

14X12mm square

Empress Esthetic LT

Ivoclar Vivadent

0.5

3

3

6

15mm circle

Empress Esthetic LT

Ivoclar Vivadent

1.0

3

3

6

16mm circle

e.max Press HO

Ivoclar Vivadent

1.5

3

e.max Press MO1

Ivoclar Vivadent

1.5

3

e.max Press LT

Ivoclar Vivadent

1.5

3

3

Vita Y-Z zirconia

VITA Zahnfabrik

0.5

3

3

Vita Y-Z zirconia

VITA Zahnfabrik

0.3

3

Vita Alumina

VITA Zahnfabrik

0.5

3

Vita In-Ceram Alumina

VITA Zahnfabrik

0.5

3

Vita In-Ceram Alumina

VITA Zahnfabrik

0.3

3

Vita In-Ceram Spinell

VITA Zahnfabrik

0.5

3

Vita In-Ceram Zirconia

VITA Zahnfabrik

0.5

3

Lava zirconia

3M ESPE

0.5

3

Lava zirconia

3M ESPE

0.3

Jensen

0.5

Material

Metal ceramic alloy
Ivoclar low chroma

3
3

3
3

Description

3

16mm circle

3

16mm circle

6

16mm circle

6

14mm circle

3

14mm circle

6

16mm circle

6

12mm circle

3

12mm circle

6

12mm circle

3

12mm circle

6

17mm circle

3

3

17mm circle

3

3

3

3

B1

Ivoclar high chroma
Lava/Vita low chroma

A3
2M1

Lava/Vita high chroma

2M3

For Empress CAD and Empress Esthetic specimens, HT denotes High
Translucency and LT denotes Low Translucency. For e.max CAD and e.max Press,
MO1 represents Medium Opacity 1 of a range of medium opacities available and HO
represents High Opacity. The discs were fabricated using the following methods:
sectioned pre-fabricated blocks, press technique, and sectioned pre-fabricated blocks that
were infiltrated and fired. Three discs were fabricated for each ceramic with an
additional three discs for select high chroma specimens. The control sample included a
white, noble, alloy disc.
8

Ceramic specimens were obtained from the manufacturers at thicknesses larger
than their target value. The following specimens were manufactured using pre-fabricated
blocks: Empress CAD, e.max CAD, Vita Y-Z zirconia, Vita Alumina, Vita In-Ceram
Alumina, Vita In-Ceram Spinell, Vita In-Ceram zirconia, and Lave zirconia. Final
thicknesses and surface finish were provided by a ceramic machinist (BOMAS Machine
Specialties, Somerville, MA). The discs were finished with a 600 grit diamond wheel
under a flood of coolant. For the pressed fabrication of Empress Esthetic and e.max
Press, wax pattern discs were invested, heated, and pressed by the manufacturer. Final
thicknesses and surface finish were provided by a ceramic machinist (BOMAS Machine
Specialties, Somerville, MA). The metal-ceramic specimen was fabricated from a wax
pattern and was cast in Jensen Integrity gold palladium alloy (Jensen, North Haven, CT).
The diameter of the discs was measured with a Boley gauge and was between 12
and 17 mm in diameter. The disc thickness was measured using a digital caliper and
ranged from 0.3 mm (+/- 0.01 mm) to 1.5 mm (+/- 0.01 mm) as represented in Table 1.
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Disc 1 (mm)

Disc 2 (mm)

Disc 3 (mm)

Average
(mm)

Standard
Deviation

Empress CAD HT low chroma 0.5

0.516

0.512

0.512

0.513

0.002

Empress CAD HT low chroma 1.0

0.998

0.999

0.998

0.998

0.001

Empress CAD LT low chroma 0.5

0.501

0.508

0.507

0.505

0.004

Empress CAD LT high chroma 0.5

0.518

0.517

0.515

0.517

0.002

Empress CAD LT low chroma 1.0

0.986

0.988

0.987

0.987

0.001

Empress CAD LT high chroma 1.0

0.983

0.992

0.983

0.986

0.005

e.max CAD MO1 1.5

1.512

1.517

1.514

1.514

0.003

e.max CAD LT low chroma 1.5

1.517

1.517

1.514

1.516

0.002

e.max CAD LT high chroma 1.5

1.511

1.511

1.51

1.511

0.001

Empress Esthetic LT low chroma 0.5

0.502

0.504

0.5

0.502

0.002

Empress Esthetic LT high chroma 0.5

0.506

0.505

0.502

0.504

0.002

Empress Esthetic LT low chroma 1.0

0.992

0.992

0.984

0.989

0.005

Empress Esthetic LT high chroma 1.0

0.988

0.987

0.987

0.987

0.001

e.max Press HO 1.5

1.526

1.522

1.524

1.524

0.002

e.max Press MO1 1.5

1.513

1.512

1.518

1.514

0.003

e.max Press LT low chroma 1.5

1.507

1.508

1.504

1.506

0.002

e.max Press LT high chroma 1.5

1.504

1.501

1.503

1.503

0.002

Vita Y-Z zirconia low chroma 0.5

0.511

0.511

0.511

0.511

0.000

Vita Y-Z zirconia high chroma 0.5

0.517

0.514

0.513

0.515

0.002

Vita Y-Z zirconia low chroma 0.3

0.32

0.319

0.32

0.320

0.001

Vita Alumina low chroma 0.5

0.505

0.504

0.506

0.505

0.001

Vita Alumina high chroma 0.5

0.504

0.503

0.503

0.503

0.001

Specimen Thickness

Vita In-Ceram Alumina low chroma 0.5

0.5

0.501

0.499

0.500

0.001

Vita In-Ceram Alumina high chroma 0.5

0.517

0.516

0.515

0.516

0.001

Vita In-Ceram Alumina low chroma 0.3

0.319

0.316

0.319

0.318

0.002

Vita In-Ceram Spinell low chroma 0.5

0.509

0.509

0.508

0.509

0.001

Vita In-Ceram Spinell high chroma 0.5

0.509

0.506

0.508

0.508

0.002

Vita In-Ceram Zirconia low chroma 0.5

0.504

0.501

0.504

0.503

0.002

Lava zirconia low chroma 0.5

0.509

0.507

0.509

0.508

0.001

Lava zirconia low chroma 0.3

0.315

0.318

0.315

0.316

0.002

Lava zirconia high Chroma 05.

0.527

0.526

0.527

0.527

0.001

Table 1. Specimen thickness
A quantitative measurement of absolute translucency was made by measuring the
total transmission of light through the specimen. A spectroradiometer (Minolta
Spectroradiometer Model CS-1000A, Osaka, Japan) with an integrating sphere and
barium sulfate reflectance standard was used (Figure 1). The light source provided D65
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illumination through a light guide to the connector on the integrating sphere. Each disc
was cleaned with an alcohol wipe prior to placement in a customized black, plastic holder
as shown in Figure 2. The plastic holder had an 8mm opening for light transmission
(Figure 3).

Figure 1. Minolta Spectroradiometer Model CS-1000A

Figure 2. Ceramic disc specimen in customized plastic holder
11

Figure 3. Customized plastic holders with various diameters and 8mm opening for
light transmission
All specimen measurements were made in a dark room with no ambient light. All
measurements were made by the same operator and in one session. A luminance reading
(L*source) with no sample in place was recorded prior to each measurement. Each
specimen was measured three times. The luminance (L*sample) was recorded. An average
percent of total transmission was calculated for each specimen using the following
calculation:
T% = (L*sample/L*source) x 100
A quantitative measurement of relative translucency was made by comparing the
luminance (ratio of the luminance of a specimen to that of a perfect diffuser) through the
test specimen over a backing with high reflectance to that of low reflectance or high
absorbance16. This procedure produced a contrast ratio (CR):
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CR = L*b/L*w
L*b: luminance flux of the material on a black surface
L*w: luminance flux of a material on a white surface
This ratio tends towards unity for opaque materials and towards zero for transparent
materials.3
A calibrated spectrophotometer (Minolta Spectrophotometer CM-2600d/2500d,
Osaka, Japan) was used for specimen measurement (Figure 4). The instrument’s
mask/gloss condition allowed simultaneous measurement of luminance with the specular
component included and excluded. Only “specular excluded” L* values were recorded.
The UV setting was set at 100% and the illuminant was set at D65, which is the standard
illuminant for daylight and has a color temperature of 6504K. The instrument had a
measurement area of 3 mm in diameter and was used with the “observer” set at 10
degrees as is recommended by CIE1964. A black and white tile was used for the black
and white background and was cleaned prior to each measurement with an alcohol wipe.
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Figure 4. Minolta Spectrophotometer CM-2600d/2500d
Each specimen was cleaned with an alcohol wipe prior to measurement with the
calibrated spectrophotometer. All measurements were made in a dark room at a constant
temperature with no ambient light. All measurements were made by the same operator
and in one session over which the room temperature remained a constant 23 °C. Three
measurements were made with the white reference backing (L*w) and then the black
backing (L*b), resulting in 6 measurements per specimen. Mean contrast ratios were
calculated as L*b/L*w.
L* contrast ratios were similarly recorded using an alternate calibrated
spectrophotometer (VITA Easyshade® Compact, Bad Säckingen, Germany,) (Figure 6).
Data were recorded under the single tooth measurement setting.
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Figure 5. VITA Easyshade® Compact
Each specimen was cleaned with an alcohol wipe prior to measurement with the
calibrated spectrophotometer (VITA Easyshade® Compact). All measurements were
made in a dark room at a constant temperature of 24 °C with no ambient light. All
measurements were made by the same operator and in one session. Three measurements
were made with the white reference backing (L*w) and then the black backing (L*b),
resulting in 6 measurements per specimen. L* values were recorded. Mean contrast
ratios were calculated as L*b/L*w.
Coefficients of variation for these measurements are extremely small when
thicknesses are well controlled, so three specimens per group were sufficient to
distinguish among groups having a ΔL (L*a*b*) of clinical interest (personal
communication, American Dental Association, Division of Science Laboratory).
Analysis of variance (ANOVA) and Tukey’s multiple comparison test (P < 0.05) were
used for statistical comparisons among groups (SPSS 16.0, SPSS Inc. Chicago, IL).

15

Non-linear curve fitting and regression analysis was used to examine absolute
translucencies versus contrast ratios (TableCurve 2D, Systat Software, Richmond, CA).

Results
A. To compare absolute translucency with a frequently used surrogate measure of
relative translucency (contrast ratio) for dental ceramics.
Translucency of the specimens was calculated directly as percent transmission
and indirectly as contrast ratio. Regression analysis with a 95% confidence demonstrated
a non-linear relationship between percent transmission and contrast ratio as recorded by
the Minolta spectrophotometer (Figure 6).

16

Figure 6. Predicting transmission (%) from contrast ratio with all specimens
included
The r2 value with all specimens included was 0.80 (Figure 6). When the outlier specimen
was removed (Discussion), this was improved to 0.97 (Figure 7).
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Figure 7. Predicting transmission (%) from contrast ratio without outlier specimen.
Regression analysis also demonstrated a non-linear relationship between percent
transmission and contrast ratio as recorded by the VITA Easyshade® Compact (Figure 8).
Again outliers were recognized (Discussion) and these were removed for further analysis.
This second analysis with the outliers (0.3 mm and 0.5 mm alumina and zirconia
specimens) removed appears in Figure 9.
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Figure 8. Contrast ratio measured with the VITA Easyshade® Compact vs. percent
direct transmission including outliers

19

Figure 9. Predicting Transmission (%) from VITA Easyshade® Compact contrast
ratio without outliers
A correlation coefficient (r2) or 0.96 was found with the outliers removed from the plot.
The comparative performance of the two spectrophotometers in predicting percent
transmission is shown in Figure 10.

20

Figure 10. Predicting transmission (%) from contrast ratio: Minolta vs. VITA
Easyshade® Compact
B. To determine whether a zirconia core and a metal core have the same properties of
light transmission.
The zirconia core materials included Vita Y-Z zirconia, Vita In-Ceram zirconia,
and Lava zirconia discs. Translucency of the zirconia core materials and the goldpalladium disc were measured using percent direct transmission and contrast ratio. The
percent transmission for the metal disc was 0.4% (+/- 0.3) and contrast ratio (Minolta
spectrophotometer) was 1.013 (+/- 0.02). Percent transmission for the Vita Y-Z zirconia,
Vita In-Ceram zirconia, and Lava zirconia were as follows:
21

% Direct Transmission
Vita Y-Z zirconia low chroma 0.5
Vita Y-Z zirconia high chroma 0.5
Vita Y-Z zirconia low chroma 0.3
Vita In-Ceram Zirconia low chroma 0.5
Lava zirconia low chroma 0.5
Lava zirconia low chroma 0.3
Lava zirconia high Chroma 05.

Standard
Deviation
0.39
0.42
0.09
0.46
0.28
0.34
0.36

Average
67.88
67.52
68.99
15.25
65.53
68.25
59.37

Contrast ratios (Minolta spectrophotometer) for the zirconia specimens were as follows:
CR Minolta Spectrophotometer

Average

Standard Deviation

Vita Y-Z zirconia low chroma 0.5

0.8845

0.0035

Vita Y-Z zirconia high chroma 0.5

0.8905

0.0064

Vita Y-Z zirconia low chroma 0.3

0.8819

0.0048

Vita In-Ceram Zirconia low chroma 0.5

1.001

0.0000

Lava zirconia low chroma 0.5

0.8976

0.0025

Lava zirconia low chroma 0.3

0.8721

0.0007

Lava zirconia high Chroma 0.5

0.9263

0.0070

The Vita In-Ceram zirconia disc was the most opaque specimen. The absolute
translucency of the Vita In-Ceram zirconia disc was 15.25% (+/- 0.46) while the contrast
ratio was 1.001 (+/- 0.00) indicating no light transmission.
C. To determine how thickness affects the absolute translucency of dental ceramics.
Ceramic discs were fabricated with varying thicknesses of 0.3 mm, 0.5 mm, 1.0
mm, and 1.5 mm according to the schedule on page 7. Absolute translucency was
measured using the Minolta spectroradiometer. For all specimens, percent direct
transmission decreased as the thickness increased (Figure 11).
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Figure 11. Relationship between absolute translucency and ceramic thickness
For the leucite reinforced ceramics, Empress CAD LT (low chroma) and Empress
CAD HT (low chroma), the slopes were visually similar. For Empress CAD LT (high
chroma), Empress Esthetic LT (low chroma), and Empress Esthetic LT (high chroma) the
slopes were visually nearly identical. The slopes of the zirconia specimens were less than
the alumina specimen, In-Ceram alumina. Vita Y-Z zirconia had the least slope of the
structural ceramics.
D. To determine if chroma affects the absolute translucency of dental ceramics.
High chroma specimens and low chroma specimens were fabricated for all 0.5
mm discs except for In-Ceram zirconia. No significant differences between high and low
chroma was found for the following materials: Empress CAD LT, In-Ceram Spinell, Vita
23

Y-Z zirconia, Vita Alumina, and In-Ceram Alumina (Figure 12). Two pairs had
significant differences in translucency (Tukey’s 95% multiple range test), however in one
pair the higher chroma material was more translucent and in the other pair the lower
chroma material was more translucent: Empress Esthetic LT (high chroma) was more
translucent than Empress Esthetic LT (low chroma), and Lava zirconia (low chroma) was
more translucent than Lava zirconia (high chroma).

Figure 12. Comparison of absolute translucency in high and low chroma 0.5 mm
specimens. Groups indicated with different letters. Horizontal lines denote nonsignificant difference between groups (P<.05).
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For 1.0 mm specimens a significant difference was found (Tukey’s 95% multiple
range test) among Empress CAD LT and Empress Esthetic LT. Empress Esthetic LT
(high chroma) was more translucent than Empress Esthetic LT (low chroma). Empress
CAD HT (low chroma) was more translucent than Empress CAD LT (high chroma)
(Figure 13).

Figure 13. Comparison of absolute translucency of high and low chroma 1.0 mm
specimens. Groups indicated with different letters. Horizontal lines denote nonsignificant difference between groups (P<.05).

For 1.5 mm specimens, a significant difference was found (Tukey’s 95% multiple
range test) between e.max CAD LT high and low chroma. The low chroma specimen
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was more translucent than the high chroma specimen. No significant difference was
noted for e.max Press LT (Figure 14).

Figure 14. Comparison of absolute translucency of high and low chroma 1.5 mm
specimens. Groups indicated with different letters. Horizontal lines denote nonsignificant difference between groups (P<.05).

E. To determine if chroma affects the relative translucency of dental ceramics.
High chroma specimens and low chroma specimens were fabricated for all 0.5
mm discs except for In-Ceram zirconia. Significant differences were found (Tukey’s
95% multiple range test) in chroma among the following materials: Empress Esthetic LT
(high chroma) was more translucent than Empress Esthetic LT (low chroma) and Lava
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zirconia (low chroma) was more translucent than Lava zirconia (high chroma) (Figure
15).

Figure 15. Comparison of relative translucency in high and low chroma 0.5 mm
specimens. Groups indicated with different letters. Horizontal lines denote nonsignificant difference between groups (P<.05).
For 1.0 mm specimens, a significant difference in contrast ratio was found
(Tukey’s 95% multiple range test) for Empress Esthetic LT and Empress CAD LT.
Empress Esthetic LT (high chroma) was more translucent than Empress Esthetic LT (low
chroma) and Empress CAD LT (high chroma) was more translucent than Empress CAD
LT (low chroma) (Figure 16).
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Figure 16. Comparison of relative translucency of high and low chroma 1.0 mm
specimens. Groups indicated with different letters. Horizontal lines denote nonsignificant difference between groups (P<.05).
For 1.5 mm specimens, a significant difference was noted (Tukey’s 95% multiple
range test) in contrast ratio for e.max Press LT. e.max Press LT (high chroma) was more
translucent than e.max Press LT (low chroma) (Figure 17).
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Figure 17. Comparison of relative translucency of high and low chroma 1.5 mm
specimens. Groups indicated with different letters. Horizontal lines denote nonsignificant difference between groups (P<.05).

F. To determine a rank order of most to least translucent dental ceramic.
Absolute Translucency
One-way ANOVA revealed significant differences between the percent direct
transmission for 0.3 mm specimens (P < 0.01) (Table 2), 0.5 mm specimens (P < 0.0001)
(Table 3), 1.0 mm specimens (P < 0.0001) (Table 4), and 1.5 mm specimens (P < 0.0001)
(Table 5).
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ANOVA
0.3 mm
Sum of Squares

df

Mean Square

Between Groups

4.830

2

2.415

Within Groups

1.372

6

.229

Total

6.202

8

F
10.559

Sig.
.011

Table 2. One-way ANOVA of absolute translucency of 0.3 mm specimens
ANOVA
0.5 mm
Sum of Squares
Between Groups
Within Groups
Total

df

Mean Square

11349.459

15

756.631

7.428

32

.232

11356.887

47

F

Sig.

3259.583

.000

Table 3. One-way ANOVA of absolute translucency of 0.5 mm specimens
ANOVA
1.0 mm
Sum of Squares
Between Groups
Within Groups
Total

df

Mean Square

40.322

4

10.080

.456

10

.046

40.777

14

F
221.224

Sig.
.000

Table 4. One-way ANOVA of absolute translucency of 1.0 mm specimens
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ANOVA
1.5 mm
Sum of Squares
Between Groups
Within Groups
Total

df

Mean Square

481.319

6

80.220

1.528

14

.109

482.847

20

F
735.063

Sig.
.000

Table 5. One-way ANOVA of absolute translucency of 1.5 mm specimens
For ceramic specimens of the same thickness (0.3 mm) significant differences in
absolute translucency were found among the materials (Tukey’s 95% multiple range
test). Vita Y-Z zirconia was more translucent than In-Ceram Alumina. There was no
difference in translucency between Vita Y-Z zirconia and Lava zirconia or In-Ceram
Alumina and Lava zirconia (Figure 18; Table 6).
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Figure 18. Absolute translucency of 0.3 mm ceramic discs. Groups indicated with
different letters. Horizontal lines denote non-significant difference between groups
(P<.05).
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0.3 mm
Tukey HSD
Subset for alpha = 0.05
0.3 mm

N

1

Vita In-Ceram Alumina

3

67.1967

Lava zirconia

3

67.9833

Vita Y-Z zirconia

3

Sig.

2

67.9833
68.9867

.189

.093

Means for groups in homogeneous subsets are displayed.

Table 6. Tukey’s multiple range test of 0.3 mm specimens (absolute
translucency)
For specimens of the same thickness (0.5 mm) significant differences in absolute
translucency were found (Table 7; Figure 12). Ranging from most translucent to least,
the rankings were Empress Esthetic LT (HC) and Empress CAD HT (LC) > Empress
Esthetic LT (LC), Empress CAD LT (HC), and Empress CAD LT (LC) > In-Ceram
Spinell (HC) and In-Ceram Spinell (LC) > Vita Y-Z zirconia (LC) and Vita Y-Z zirconia
(HC) > Lava zirconia (LC), Vita alumina (HC), and Vita alumina (LC) > In-Ceram
alumina (HC) and In-Ceram alumina (LC) > Lava zirconia (HC) > In-Ceram zirconia
(LC).
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0.5 mm
Tukey HSD
Subset for alpha = 0.05
0.5 mm

N

1

Vita In-Ceram Zirconia (LC)

3 15.2533

Lava zirconia (HC)

3

Vita In-Ceram Alumina (LC)

3

61.2833

Vita In-Ceram Alumina (HC)

3

62.0967

Vita Alumina (LC)

3

64.5167

Vita Alumina (HC)

3

65.0767

Lava zirconia (LC)

3

65.5300

Vita Y-Z zirconia (HC)

3

67.5167

Vita Y-Z zirconia (LC)

3

67.8833

Vita In-Ceram Spinell (LC)

3

73.7667

Vita In-Ceram Spinell (HC)

3

74.3800

Empress CAD LT (LC)

3

77.9300

Empress CAD LT (HC)

3

78.9500

Empress Esthetic LT (LC)

3

79.2533

Empress CAD HT (LC)

3

81.6933

Empress Esthetic LT (HC)

3

82.8333

3

4

5

6

7

8

59.3733

1.000

Sig.

2

1.000

.771

.447

1.000

.965

.108

.269

Means for groups in homogeneous subsets are displayed.

Table 7: Tukey’s multiple range test of 0.5 mm specimens (absolute
translucency)
For specimens of the same thickness (1.0 mm) significant differences in absolute
translucency were found (Table 8; Figure 13). Ranging from most translucent to least,
the rankings were Empress CAD HT (LC) and Empress Esthetic LT (HC) > Empress
CAD LT (LC) and Empress Esthetic LT (LC) > Empress CAD LT (HC).
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1.0 mm
Tukey HSD
Subset for alpha = 0.05
1.0 mm

N

1

Empress CAD LT (HC)

3

70.2833

Empress Esthetic LT (LC)

3

70.9633

Empress CAD LT (LC)

3

71.1367

Empress Esthetic LT (HC)

3

73.9700

Empress CAD HT (LC)

3

74.2033

Sig.

2

1.000

.852

3

.676

Means for groups in homogeneous subsets are displayed.

Table 8. Tukey’s multiple range test of 1.0 mm specimens (absolute
translucency)
For specimens of the same thickness (1.5 mm) significant differences in absolute
translucency were found (Table 9; Figure 14). Ranging from most translucent to least,
the rankings were e.max CAD LT (HC) > e.max Press LT (HC), e.max Press LT (LC),
and e.max CAD LT (HC) > e.max Press MO1 > e.max CAD MO1 > e.max Press HO.
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1.5 mm
Tukey HSD
Subset for alpha = 0.05
1.5 mm

N

1

e.max Press HO

3

47.8000

e.max CAD MO1

3

e.max Press MO1

3

e.max CAD LT (HC)

3

61.0167

e.max Press LT (LC)

3

61.4900

e.max Press LT (HC)

3

61.6733

e.max CAD LT (LC)

3

Sig.

2

3

4

5

57.1367
58.7600

62.8467
1.000

1.000

1.000

.254

1.000

Means for groups in homogeneous subsets are displayed.

Table 9. Tukey’s multiple range test of 1.5 mm specimens (absolute
translucency)
Relative Translucency
One-way ANOVA revealed significant differences among contrast ratios (Minolta
spectrophotometer) for 0.3 mm specimens (P < 0.002) (Table 10), 0.5 mm specimens (P
< 0.000) (Table 11), 1.0 mm specimens (P < 0.000) (Table 12), and 1.5 mm specimens (P
< 0.000) (Table 13).
ANOVA
0.3 mm
Sum of Squares

df

Mean Square

Between Groups

.000

2

.000

Within Groups

.000

6

.000

Total

.001

8

F
20.930

Sig.
.002

Table 10. One-way ANOVA of relative translucency of 0.3 mm specimens
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ANOVA
0.5 mm
Sum of Squares

df

Mean Square

Between Groups

.362

15

.024

Within Groups

.001

32

.000

Total

.363

47

F

Sig.

971.937

.000

Table 11. One-way ANOVA of relative translucency of 0.5 mm specimens
ANOVA
1.0 mm
Sum of Squares

df

Mean Square

Between Groups

.006

4

.001

Within Groups

.000

10

.000

Total

.006

14

F

Sig.

111.557

.000

Table 12. One-way ANOVA of relative translucency of 1.0 mm specimens
ANOVA
1.5 mm
Sum of Squares

df

Mean Square

Between Groups

.014

6

.002

Within Groups

.000

14

.000

Total

.014

20

F
247.399

Sig.
.000

Table 13: One-way ANOVA of relative translucency of 1.5 mm specimens
For specimens of the same thickness (0.3 mm) a significant difference (Tukey’s
95% multiple range test) in relative translucency was found (Table 14; Figure 19). From
most to least translucent, the rankings were Lava zirconia (low chroma) > Vita Y-Z
zirconia (low chroma) and Vita In-Ceram alumina (low chroma).
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0.3 mm
Tukey HSD
Subset for alpha = 0.05
0.3 mm

N

1

Lava zirconia (LC)

3

.872067

Vita Y-Z zirconia (LC)

3

.881867

Vita In-Ceram Alumina

3

.889567

Sig.

1.000

2

.066

Means for groups in homogeneous subsets are displayed.

Table 14. Tukey’s multiple range test of 0.3mm specimens (relative translucency)

Figure 19. Relative translucency of 0.3 mm ceramic discs. Groups indicated with
different letters. Horizontal lines denote non-significant difference between groups
(P<.05).
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For specimens of the same thickness (0.5 mm) a significant difference in relative
translucency was found (Tukey’s 95% multiple range test). From most translucent to
least, the rankings were Empress Esthetic LT (HC) > CAD HT (LC) > Empress CAD LT
(HC), Empress Esthetic LT (LC), , and Empress CAD LT (LC) > In-Ceram Spinell (HC)
and In-Ceram Spinell (LC) > Vita Y-Z zirconia (LC) , Vita Y-Z zirconia (HC), and Lava
zirconia (LC) > Vita alumina (HC), Vita alumina (LC), In-Ceram alumina (HC), Lava
zirconia (HC), and In-Ceram alumina (LC) > In-Ceram zirconia (LC) (Table 15; Figure
15).
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0.5 mm
Tukey HSD
Subset for alpha = 0.05
0.5 mm

N

1

2

3

4

5

6

7

8

Empress Esthetic LT (HC)

3 .695733

Empress CAD HT (LC)

3

Empress CAD LT (HC)

3

.746133

Empress Esthetic LT (LC)

3

.759400 .759400

Empress CAD LT (LC)

3

.773833

Vita In-Ceram Spinell (HC)

3

.824267

Vita In-Ceram Spinell (LC)

3

.831867

Vita Y-Z zirconia (LC)

3

.884500

Vita Y-Z zirconia (HC)

3

.890500

Lava zirconia (LC)

3

.897600

Vita Alumina (HC)

3

.913833

Vita Alumina (LC)

3

.915767 .915767

Vita In-Ceram Alumina (HC)

3

.925833 .925833

Lava zirconia (HC)

3

.926300 .926300

Vita In-Ceram Alumina (LC)

3

.929200

9

.719767

Vita In-Ceram Zirconia (LC)

1.001
3
000

Sig.

1.000

1.000

.135

.072

.871

.146

.199

.124

1.000

Means for groups in homogeneous subsets are displayed.

Table 15. Tukey’s multiple range test of 0.5 mm specimens (relative translucency)
For specimens of the same thickness (1.0 mm) a significant difference in relative
translucency was found (Tukey’s 95% multiple range test). Ranging from most
translucent to least, the rankings were Empress CAD HT (LC) and Empress Esthetic LT
(HC) > Empress CAD LT (HC) and Empress Esthetic LT (LC) > Empress CAD LT (LC)
(Table 16, Figure 16).
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1.0 mm
Tukey HSD
Subset for alpha = 0.05
1.0 mm

N

1

Empress CAD HT (LC)

3

.803933

Empress Esthetic LT (HC)

3

.805067

Empress CAD LT (HC)

3

.838300

Empress Esthetic LT (LC)

3

.840100

Empress CAD LT (LC)

3

Sig.

2

3

.852667
.995

.971

1.000

Means for groups in homogeneous subsets are displayed.

Table 16. Tukey’s multiple range test of 1.0 mm specimens (relative translucency)
For specimens of the same thickness (1.5 mm) a significant difference in relative
translucency was found (Tukey’s 95% multiple range test). Ranging from most
translucent to least, the rankings were e.max Press LT (HC), e.max CAD LT (HC), e.max
CAD LT (LC) > e.max Press LT (LC) > e.max Press MO1 and e.max CAD MO1 >
e.max Press HO (Table 17, Figure 17).
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1.5 mm
Tukey HSD
Subset for alpha = 0.05
1.5 mm

N

1

e.max Press LT (HC)

3

.903700

e.max CAD LT (HC)

3

.909467

e.max CAD LT (LC)

3

e.max Press LT (LC)

3

e.max Press MO1

3

.943933

e.max CAD MO1

3

.951333

e.max Press HO

3

Sig.

2

3

4

5

.909467
.912600
.923967

.981800
.317

.867

1.000

.117

1.000

Means for groups in homogeneous subsets are displayed.

Table 17. Tukey’s multiple range test of 1.5 mm specimens (relative translucency)
Major efforts and expense were taken to assure close thickness tolerances within
thickness groups, since thickness is a co-variable of translucency. One-way ANOVA
found no significant differences among the average thickness of the 0.3 mm ceramic
discs (P < .057) but significant differences among the average thicknesses of the ceramic
discs for 0.5 mm (P < .000), 1.0 mm (P< .004), and 1.5 mm groups (P < .000) (Table 18,
19, 20, and 21). These differences, while statistically significant, did not influence any of
the above results (Discussion).
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ANOVA
0.3 mm
Sum of Squares

df

Mean Square

Between Groups

.000

2

.000

Within Groups

.000

6

.000

Total

.000

8

F
4.789

Sig.
.057

Table 18. One-way ANOVA for 0.3 mm specimen thickness
ANOVA
0.5mm
Sum of Squares

df

Mean Square

Between Groups

.002

15

.000

Within Groups

.000

32

.000

Total

.002

47

F
51.261

Sig.
.000

Table 19. One-way ANOVA for 0.5 mm specimen thickness
ANOVA
1.0 mm
Sum of Squares

df

Mean Square

Between Groups

.000

4

.000

Within Groups

.000

10

.000

Total

.000

14

F

Table 20. One-way ANOVA for 1.0 mm specimen thickness
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7.590

Sig.
.004

ANOVA
1.5 mm
Sum of Squares

df

Mean Square

Between Groups

.001

6

.000

Within Groups

.000

14

.000

Total

.001

20

F
33.007

Sig.
.000

Table 21. One-way ANOVA for 1.5 mm specimen thickness
No differences in mean disc thickness were found among the 0.3 mm Lava
zirconia (low chroma), In-Ceram alumina (low chroma) and Vita Y-Z zirconia (low
chroma) (ANOVA, P = 0.057).
For the 0.5 mm specimens, significant mean thickness differences were found
(Table 19). Tukey’s multiple range test subset comparisons are contained in Table 22.
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0.5 mm
Tukey HSD
Subset for alpha = 0.05
0.5 mm

N

1

Vita In-Ceram Alumina (LC)

3

.50000

Empress Esthetic LT (LC)

3

.50200

.50200

Vita In-Ceram Zirconia (LC)

3

.50300

.50300

.50300

Vita Alumina (HC)

3

.50333

.50333

.50333

.50333

Empress Esthetic LT (HC)

3

.50433

.50433

.50433

.50433 .50433

Vita Alumina (LC)

3

.50500

.50500

.50500

.50500 .50500

Empress CAD LT (LC)

3

.50533

.50533

.50533 .50533

Vita In-Ceram Spinell (HC)

3

.50767

.50767 .50767 .50767

Lava zirconia (LC)

3

.50833 .50833 .50833 .50833

Vita In-Ceram Spinell (LC)

3

.50867 .50867 .50867

Vita Y-Z zirconia (LC)

3

Empress CAD HT (LC)

3

.51333 .51333 .51333

Vita Y-Z zirconia (HC)

3

.51467 .51467

Vita In-Ceram Alumina (HC)

3

.51600 .51600

Empress CAD LT (HC)

3

.51667

Lava zirconia (HC)

3

Sig.

2

3

4

5

6

7

8

9

10

.51100 .51100 .51100

.52667
.059

.544

.101

.059

.167

.544

.059

.059

.544

1.000

Means for groups in homogeneous subsets are displayed.

Table 22. Tukey’s multiple range test for discs 0.5 mm in thickness
The greatest difference in thickness of the ceramic discs within the 0.5 mm group was
between Vita In-Ceram Alumina (LC) and Vita In-Ceram Alumina (HC). The difference
in thickness was 0.016mm.
For the 1.0 mm specimens significant mean thickness differences were found
(Table 20). Tukey’s multiple range test subset comparisons are contained in Table 23.
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1.0 mm
Tukey HSD
Subset for alpha = 0.05
1.0 mm

N

1

Empress CAD LT (HC)

3

.98600

Empress CAD LT (LC)

3

.98700

Empress Esthetic LT (HC)

3

.98733

Empress Esthetic LT (LC)

3

.98933

Empress CAD HT (LC)

3

Sig.

2

.99833
.702

1.000

Means for groups in homogeneous subsets are displayed.

Table 23. Tukey’s multiple range test for discs 1.0 mm in thickness
Empress CAD LT (HC) 1.0mm specimen was significantly different than the Empress
CAD HT (LC) specimen. The difference in thickness was 0.01233mm.
For the 1.5 mm specimens significant mean thickness differences were found
(Table 21). Tukey’s multiple range test subset comparisons are contained in Table 24.
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1.5 mm
Tukey HSD
Subset for alpha = 0.05
1.5 mm

N

1

e.max Press LT (HC)

3

1.50267

e.max Press LT (LC)

3

1.50633

e.max CAD LT (HC)

3

e.max CAD MO1

3

1.51433

e.max Press MO1

3

1.51433

e.max CAD LT (LC)

3

1.51600

e.max Press HO

3

Sig.

2

3

4

1.50633
1.51067

1.51067

1.52400
.380

.218

.084

1.000

Means for groups in homogeneous subsets are displayed.

Table 24. Tukey’s multiple range test for discs 1.5 mm in thickness
The greatest difference in thickness was between e.max Press LT (HC) and e.max Press
HO. The mean difference in thickness was 0.02133mm.

Discussion
A. The null hypothesis that there is no relationship between the absolute and relative
measurements of translucency of dental ceramics was rejected. A highly correlated but
non-linear relationship was found between percent transmission and contrast ratio
(Minolta spectrophotometer) as demonstrated by the fit of the curve in Figure 6. The
same relationship was well-fit to data from either the Minolta or VITA Easyshade
spectrophotometers with minor differences in constant values:
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y = a + bx 2 ln x
where: y = %transmission
x = contrast ratio
Thus, contrast ratio is not a direct measure of translucency, but is a surrogate measure
down to approximately 50% transmission.
The relationship between absolute and relative translucency is sensitive only
down to 50% transmission. Once the translucency of a material drops below 50%,
contrast ratios converged to 1.0. Thus, for a very opaque material such as Vita In-Ceram
zirconia, the contrast ratio measure had no meaning relative to translucency (CR = 1.001
since this material has a translucency of 15.25%. Contrast ratio measures diffuse
reflectance from a specimen. According to the Kubelka-Munk (K-M) theory, an opaque
material is either highly absorbing or scattering or both21. If a material has a high
absorbance coefficient, contrast ratio does not have the ability to detect small changes in
light transmission. This is also the case with a high scattering coefficient. The plateau
occurs at approximately 50% transmission for the ceramic specimens in this study. For
ceramic materials that allow greater than 50% light transmission, contrast ratio can be
used to rank order translucencies or used to calculate percent translucency using a nonlinear expression such as given above. As can be appreciated from Figure 10, small
differences in the constants (a) and (b) would require that such a calibration curve be
established for specific instruments. As will be discussed, some rank order differences
between percent transmission and contrast ratio were identified. Further, the sensitivity
of direct transmission (ability to distinguish differences) appears higher than for contrast
ratio (except for the most transparent pair).
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In general (not compared with direct transmission) more translucent the material
becomes, the more sensitive contrast ratio becomes in distinguishing among materials
(Figure 7; Figure 10). Interestingly, for contrast ratio measured by the Easyshade
Compact, the zirconia and alumina specimens shifted the contrast ratio to a lower number
indicating increased light transmission (Figure 8). This systematic error for the Vita
Easyshade is likely due to its having been engineered to measure translucent materials by
gathering light from below the ceramic surface. The instrument is likely registering an
increase in reflected light from opaque specimen surfaces as being from scattering within
the material. While this is an advantage for its intended use (the instrument manual
requires at least 0.6 mm of ceramic for shade taking usage) it limits use for contrast ratio
measures to “esthetic” (i.e. non-core) ceramics. When these inappropriate specimens
were removed from the analysis, the instrument achieved a much higher correlation (r2 =
0.96) comparable with the Minolta (r2 = 0.97).
A hand held spectrophotometer such as the VITA Easyshade® Compact has the
advantage of allowing a clinician to measure the translucency of an all-ceramic
restoration in office. The Minolta spectroradiometer with an integrating sphere is
designed for regularly shaped specimens such as discs and requires a customized holder.
Having the ability to measure light transmission of a particular ceramic allows the
clinician to choose a ceramic to match the patient’s natural dentition or existing
restorations. Overall, the Minolta and VITA Easyshade® spectrophotometer had different
a and b values but their confidence intervals were similar and overlapped until about 70%
transmission (Figure 10). Thus, it may be possible to utilize the Easyshade for intraoral
measurement of contrast ratio.
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Until now, contrast ratio has been the only measurement of translucency in dental
ceramics literature. Most studies have used contrast ratio to rank light transmission of
restorative dental materials. These studies have misled the clinician into thinking that a
zirconia containing, all-ceramic restoration has the same optical properties of a metal
ceramic restoration. This was refuted once contrast ratio was compared to percent light
transmission. Contrast ratio is not sensitive enough to be used for all dental restorative
materials. The most accurate measurement of light transmission in dental ceramics is
percent light transmission using a spectroradiometer with an integrating sphere.

B. The null hypothesis that there is no difference in absolute translucency between
ceramic thicknesses (0.3 mm versus 0.5 mm; 1.0 mm versus 1.5 mm) was rejected. The
relationship between specimen thickness and light transmission was analyzed using
percent direct transmission. Light transmission decreased as the ceramic disc increased
in thickness for all thicknesses and materials (Figure 9), but in a material-specific
manner.
Among the leucite-filled ceramics, the slopes were similar but varied considerably
compared to the alumina and zirconia specimens (Figure 9). The light transmission of
the zirconia specimens were affected the least by the increase in thickness. As the
ceramic core material was increased from 0.3 mm to 0.5 mm, the translucent properties
were minimally altered. Differences were noted between the Vita Y-Z zirconia and Lava
zirconia. The Lava zirconia specimen showed 2.45X the change in opacity as the
specimen was increased from 0.3 mm to 0.5 mm (slope = -13.6) as compared to the Vita
Y-Z zirconia (slope = -5.55). This may be the result of increased scattering or absorption
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(or both) within the Lava ceramic as a function of thickness. Of all the structural
ceramics, Vita Y-Z zirconia was affected the least by the increase in thickness. The
clinical ramifications include an increase in the thickness without compromising the
translucent properties of the core ceramic. Of the structural ceramics, the alumina
specimen had the greatest slope (- 29.6). All three structural ceramics behaved
differently as the thickness was increased. Depending on the patient’s presentation, the
clinician may choose a ceramic core material for its masking ability, strength, light
transmission or some combination. For a potential increase in strength but similar
translucency, a 0.5 mm Vita Y-Z zirconia core may be indicated. For increased masking
ability, In-Ceram alumina may be used. For the leucite containing ceramics, the
similarity in slopes translates to predictability among Empress CAD and Esthetic
materials for lab technicians and clinicians.
As the thickness increases, light must travel farther within the material.
Therefore, the light is subject to increased absorption and scattering and decreased
transmission. This finding is in agreement with the Antonson and Anusavice (2001)
study although they used a relative measurement of translucency (contrast ratio) 6.
Therefore, it is evident that thickness is a co-variable of light transmission through
ceramic specimens ranging from 0.3 mm to 1.5 mm in thickness. Absolute and relative
measurements of translucency demonstrate this relationship.

C. The null hypothesis that there is no difference in absolute translucency between two
specimens with the same value but different chromas was rejected for the following
materials: 0.5 mm Empress Esthetic LT, 0.5 mm Lava zirconia, 1.0 mm Empress Esthetic
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LT, 1.0 mm Empress CAD LT, and 1.5 mm e.max Press LT (Figures 12, 13, 14). For 0.5
mm and 1.0 mm Empress Esthetic LT, the high chroma specimens were more translucent
than the low chroma specimens. One explanation for the increase in light transmission
for the high chroma specimens may be an alteration of the ceramics refractive index. The
incorporation of oxides within the glass of the ceramic may decrease scattering allowing
more light to be transmitted. A more chromatic and translucent ceramic would be ideal
for older patients whose natural dentition has the same characteristics and pose one of the
more challenging matches in dentistry. For the 0.5 mm Lava zirconia, 1.0 mm Empress
CAD LT, and 1.5 mm e.max CAD LT, the low chroma specimens were more translucent
than the high chroma specimens. The reverse relationship may also be attributed to a
change in refractive index within the more chromatic specimens. The oxides for these
ceramics may increase absorption or scattering or both and therefore increase opacity.
The greatest effect was observed with 0.5 mm Lava zirconia with a difference in
translucency of approximately 6%. A clinician may choose a more chromatic core to
mimic the dentin, but in doing so translucency is reduced.

D. The null hypothesis that there is no difference in relative translucency between two
specimens with the same value but different chromas was rejected for the following
materials: 0.5 mm and 1.0 mm Empress Esthetic LT, 0.5 mm Lava zirconia, 1.0 mm
Empress CAD LT, and 1.5 mm e.max Press LT (Figures 15, 16, 17). For 0.5 mm and 1.0
mm Empress Esthetic LT, 1.0 mm Empress CAD LT, and 1.5 mm e.max Press LT, the
high chroma specimens were more translucent than the low chroma specimens. The
same results were found with the absolute translucency of Empress Esthetic LT.
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However, the relative translucency for 1.0 mm Empress CAD LT and 1.5 mm e.max
CAD LT was opposite to what was observed with absolute translucency. Lava zirconia
(0.5 mm) was the only specimen in which the low chroma specimen was more
translucent than the high chroma specimen when contrast ratio was used.

E. The null hypothesis that there is no difference in absolute translucency between the
ceramics tested was rejected. For the 0.3 mm specimens, absolute translucency was
between 68.97% and 67.20% (Table 6; Figure 18). Vita Y-Z zirconia (LC) was more
translucent than the In-Ceram Alumina (LC). The difference in translucency was
statistically significant yet the clinical relevance of a 1% difference in translucency is
questionable. Interestingly, zirconia and alumina, which are considered to be opaque by
previous studies, had almost 70% light transmission. 12, 13 The 0.3 mm Lava zirconia
(LC) transmitted 68.25% of light but was not statistically different from the Vita Y-Z
zirconia and In-Ceram Alumina. All three 0.3 mm specimens had a decrease in
translucency when the thickness was increased to 0.5 mm (Figure 11). It is clear that
structural ceramics are considerably more translucent than what was previously recorded.
A clinician may choose any structural, all-ceramic core material, and it will be more
translucent than a metal core.
For the 0.5 mm specimens, absolute translucency ranged from 82.83% to 15.25%
(Table 7; Figure 12). This group represented the widest range of light transmission
measurements. The most translucent materials were Empress Esthetic LT (HC) and
Empress CAD HT (LC). These materials are categorized as high glass content ceramics
with 40-50% leucite within the filler.20 The high glass content reduces the overall
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scattering, absorption, and reflection that are present when filler (with differences in
refractive index) are added to the glass. The least translucent material was Vita In-Ceram
zirconia (LC). Vita In-Ceram zirconia is a low glass content ceramic with a combination
of 70% alumina/zirconia filler.20 The large decrease in light transmission compared with
other zirconia containing ceramics is due to the difference in refractive index between the
alumina (1.765) and zirconia (2.2).22 The greater the difference in refractive index, the
greater the scattering (with scattering increasing as the square of the difference) resulting
in a decrease in light transmission.16 The structural ceramics (In-Ceram zirconia and
alumina, Lava zirconia, and Vita Y-Z zirconia) transmitted less light than the esthetic
ceramics (Empress Esthetic, Empress CAD, and In-Ceram Spinell) but not to the extent
that previous studies indicated when measured as relative translucency. A clinician has a
variety of choices when choosing an all-ceramic material. For very translucent teeth,
Empress Esthetic, Empress CAD, or In-Ceram Spinell would be appropriate. For a
moderate amount of translucency, Vita Y-Z zirconia, Vita alumina, Lava zirconia, or InCeram alumina would be best. For maximum masking ability but with some light
transmission for a vital effect, In-Ceram zirconia is indicated over a metal core. As with
the 0.3 mm specimens, all 0.5 mm specimens decreased in translucency when the
thickness was increased (Figure 11). The average decrease in translucency between the
0.5 mm specimen and 1.0 mm specimen was approximately 10%.
For the 1.0 mm specimens absolute translucency was between 74.20% and
71.14% (Table 8; Figure 13). The specimens in this group represent materials that can be
partial or full coverage all-ceramic restorations or be cut back for further application of
veneering porcelain. All specimens within this group are considered esthetic ceramics
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with a high glass content matrix and leucite filler. Empress CAD demonstrated
significant differences between the high translucency (74.20%) and low translucency
(71.14%) specimens. This is an affirmation to clinicians that Empress CAD HT and LT
ceramics are true to their name. The least translucent of the Empress CAD specimens
was the Empress CAD LT (high chroma) (70.28%). Empress CAD is the equivalent to
Empress Esthetic for CAD/CAM technology. As expected, there was no difference in
translucency between the Empress Esthetic LT (low chroma) and Empress CAD LT (low
chroma). However, there was a difference between Empress Esthetic LT (high chroma)
and Empress CAD LT (high chroma). It appears that the colorants added to the CAD
ceramic may alter its translucency compared to the pressed equivalent.
Absolute translucency for the 1.5 mm specimens was between 62.85% and
47.80% (Table 9; Figure 14). These ceramic materials represent the thickness of a full
coverage, all-ceramic restoration and may or may not have veneering porcelain applied.
The ceramic discs in this group include e.max CAD and e.max Press. These materials are
low glass content ceramics with 70% lithium disilicate filler. e.max CAD is the
equivalent of e.max Press but for CAD/CAM technology. The most opaque specimen
within the e.max Press group was the e.max Press High Opacity (47.80%) followed by
the e.max Press Medium Opacity 1 (58.76%), and e.max Press Low Translucency
(61.67%). For e.max CAD, the most opaque material was e.max CAD Medium Opacity
1 (57.14%) followed by e.max CAD Low Translucency (HC) (61.02%), and e.max CAD
Low Translucency (LC) (62.85%). Again, it validates the descriptors used for the e.max
Press and e.max CAD ceramics and gives clinicians a range of translucency within these
groups to choose from. Like the Empress Esthetic/Empress CAD ceramics, there was
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some difference in light transmission between the CAD/CAM and pressed ceramics. The
pressed ceramics were more translucent than the CAD/CAM ceramics for e.max MO1
and e.max LT (high chroma). However, e.max CAD LT (low chroma) was more
translucent than e.max Press LT (low chroma).

F. The null hypothesis that there is no difference in relative translucency between the
ceramics tested was rejected. For the 0.3 mm specimens, contrast ratio ranged between
0.8721 and 0.8896 (Table 14). The contrast ratios in this group indicate a fairly opaque
specimen, yet had greater than 65% light transmission when measured using absolute
translucency (Table 6). In addition, the ranking was different than with absolute
translucency (Figure 19). It is clear that contrast ratio is a less sensitive measure for
translucency within this group.
For the 0.5 mm specimens, contrast ratio ranged from 0.6957 to 1.001 (Table 15;
Figure 15). Compared to the absolute translucency measurements, a significant
difference in contrast ratio was found between Empress Esthetic LT (high chroma) and
Empress CAD HT (low chroma). For highly translucent materials, contrast ratio is a
reliable and sensitive measurement for light transmission. However, for the materials
with increased opacity such as the Vita In-Ceram Alumina and Vita In-Ceram Zirconia,
contrast ratio fails to accurately depict the difference in optical properties. Absolute
translucency found a large difference in light transmission between these materials, yet
contrast ratio only found a very small difference (Figure 12). Also, contrast ratio lumped
together the alumina and zirconia specimens while percent transmission found
differences between the In-Ceram alumina, Vita Alumina, and Lava zirconia (high
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chroma) ceramics. Heffernan et al (2002) also measured contrast ratio for 0.5 mm
ceramic specimens. Their findings were similar for Empress Esthetic (aka IPS Empress)
(CR = 0.64), In-Ceram Alumina (CR = 0.87), and In-Ceram Zirconia (CR = 1.00).
However, In-Ceram Spinell was more translucent (CR = 0.67) than the findings in this
report (CR = 0.83) 12. Variation in measurements may be attributed to different
spectrophotometers and settings applied to the device.
For the 1.0 mm specimens, contrast ratio ranged from 0.8039 and 0.8383 (Table
16; Figure 16). The rankings were the same as absolute translucency and as sensitive
(Figure 13). Contrast ratio may underestimate the light transmission properties compared
to percent transmission. A contrast ratio of 0.80 describes a fairly opaque specimen, yet
percent transmission for these same materials was greater than 70%. The best measure of
translucency is percent transmission.
For the 1.5 mm specimens, contrast ratio ranged from 0.9037 to 0.9818 (Table 17,
Figure 17). Compared to absolute translucency, contrast ratio was less sensitive and
found a different order from most to least translucent. No difference in light transmission
was found for e.max CAD MO1 and e.max Press MO1. In addition, contrast ratio found
a difference between e.max Press LT high and low chroma.
Overall, contrast ratio is a less sensitive measurement for translucency especially
for low percent glass or no glass ceramics. When contrast ratio is used to describe
translucency, it overestimates the opacity of the materials. Percent transmission is more
accurate and sensitive to light transmission and should be the gold standard for measuring
translucency of dental ceramics.
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Possible areas of error within this study include variation among the disc
thickness. One-way ANOVA found no differences in thickness within the 0.3 mm group
(P < 0.57) (Table 18). For the 0.5 mm group, a significant difference among thickness
was found (P < 0.000), but the greatest difference in thicknesses (In-Ceram Alumina high
and low chroma) did not affect absolute translucency measurements (Table 19; Table 22;
Figure 12). For the 1.0 mm group, a significant difference in thickness among the discs
was found (P < .004) (Table 20). However, the thicker specimen, Empress CAD HT
(LC), was more translucent than the thinner specimen, Empress CAD LT (HC), which is
the opposite effect of an increase in thickness (Table 23; Figure 13). Therefore, the
difference in thickness within the 1.0 mm group did not significantly alter the absolute
translucency measurements within this group. For the 1.5 mm group, one-way ANOVA
found a significant difference in thickness among the discs (P < 0.000) (Table 24). The
greatest difference between the specimens was 0.024 mm. This may have altered the
light transmitted through the specimen but is unlikely with such a small difference in
thickness.
Another source of error occurred during contrast ratio measurements using the
VITA Easyshade® Compact. The first data set used a device that later was determined to
be inaccurate due to an inadequate light source. All measurements were remade using a
new VITA Easyshade® Compact. All measurements were made by the same operator
and in one session therefore diminishing inter-operator error and changes in light and
temperature conditions.

Conclusion
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In conclusion, all dental ceramics used in this study transmit light. Absolute
translucency is the most accurate measurement for evaluating light transmission.
Relative translucency can be used to accurately describe light transmission for ceramics
but is limited to medium and highly translucent materials. Absolute translucency is
related to ceramic thickness. As the thickness is increased, the percentage of light
transmission is decreased. Chroma plays a minor role in light transmission but the
relationships are inconsistent. Depending on the ceramic’s matrix and filler, differences
in absolute and relative translucency exist between multitudes of ceramic materials.
Many of the materials have direct transmission measurements that are within a few
percent of each other. It is out of the scope of this study to determine if the differences in
translucency between the ceramic materials are recognizable by the human eye. In
addition, the effect of the veneering porcelain and cement on absolute translucency has
yet to be determined and may affect the ranking of most to least translucent material.
Obtaining an accurate, reliable, and valid measurement of translucency for ceramic
restorations will enhance future research protocols. In addition, new evidence will aid
the manufacturer in creating a material that mimics the optical properties of teeth. The
ability to predict an esthetic outcome can be greatly improved with knowledge of the
effect of chroma, core thickness, and material on the optical properties of ceramics.
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